Field experiments were conducted for two consecutive summer seasons; 2005/06 and 2006/07, at Dongola area-Northern State (Sudan). The objectives were to investigate the effect of irrigation regimes; irrigation water amounts and irrigation intervals, on maize (Zea mays L.) growth and yield in addition to their effect on the soil moisture content. Irrigation water amounts were determined using FAO Penman-Monteith equation (1998) for estimating crop evapotranspiration (ET c ). Three levels of ET c were used; 100%, 75%, and 50% ET c . Three irrigation intervals were imposed; 10, 15, and 20 days. The application of irrigation treatments was started at the third irrigation. The results indicated that maximum plant population and field water use efficiency were obtained at irrigation water amount of 50% ET c in both seasons. Also, 10 days irrigation interval gave the highest values of plant height, cob length, 100-seed weight, grain yield, stover yield, and field water use efficiency.
INTRODUCTION
Recent years have witnessed a great intensification of land and water use in an effort to increase agricultural production in many parts of the world. This involved application of modern techniques leading to an increased farming efficiency. As a consequence great attention has been paid to irrigation in recent years.
Irrigation scheduling involves making a decision on how much and when to apply it. Three factors influence the decision: water needs by the crop (evapotranspiration), water availability, and water holding capacity of the soil (Mohamed and Makki, 2005) .
In truly arid regions, such as the Northern StateSudan, all water needs of crops must be met with irrigation. In these areas, all phases of crop production are adjusted for irrigation. Regardless of the method used to deliver water, irrigation must supply moisture to that part of the soil from which roots absorb it. The timing and amount of irrigation should be regulated to assure optimum crop yield.
Recently, there has been an increasing interest in developing maize production in Sudan (Khalafalla and Abdalla, 1997) . The farmers of the Northern State-Sudan usually focus their efforts on the cultivation of winter season only, and leave vast areas of arable land without cultivation during the summer season. This land can be used in farming maize for use as grains and/or green fodder.
In Sudan maize has no defined standard irrigation regimes, especially in the Northern State. Therefore, this study was conducted at Dongola area-Northern State in order to determine the most suitable irrigation regime; interval, for maize production u Monteith equation.
MATERIALS AND METHODS
The experiments were conducted for two consecutive summer seasons (2005/06 and 2006/07) at Dongola town which lies at latitude 19°10' N, longitude 30°29' E, and altitude 228 m. The climatic zone of the area is described as desert (Adam, 2002) . Summer is extremely hot with a mean maximum temperature of about 42 °C and a minimum of 25 °C, high bright sunshine duration of more than 10 hours, and low relative humidity less than 20%. The soil of the experimental site was classified as loamy (Mohammed, 2006) . The expe previously been used for producing wheat and broad bean for several winter seasons.
The treatments were part of other experiments, which were arranged in a split-split-plot design with three tillage practices, three irrigation water amounts, and three irrigation intervals. The irrigation water amount treatments were distributed randomly in the main plots. Tillage treatments were located randomly in the st w strip-plot. Three meters wide areas were left between blocks as buffer zones. The area of each subplot (experimental unit) was 24 m 2 (4 × 6 m). The experimental units were 1.5 m apart from each other, with a total number of 27 experimental units. This setup was replicated three times and the experimental procedures were the same for both seasons.
The amount of irrigation water was applied as a portion of crop evapotranspiration (ET c The first two irrigations were applied to bring the root zone to the field capacity and, thereafter, irrigation water was applied in the aforementioned amounts. Irrigation water was measured at the plot level by means of a 90° V-notch weir which was locally made, as described by Michael (2001) . The source of water supply for farm irrigation system was River Nile.
Three irrigation intervals were used in the experiments. They were as follows:
(1) I 1 , 10 days interval.
(2) I 2 , 15 days interval. (3) I 3 , 20 days interval.
The 10 days interval was considered the conventional practice, whereas the 15 and 20 days intervals were considered mild and high stresses, respectively.
The standard cultural practices recommended by the Agricultural Research and Technology Corporation (Sudan); other than treatments, were followed throughout the growing seasons.
An open pollinated Egyptian yellow cultivar of maize (Zea mays L.), Mugtama-45, was used in this study.
Ten random plants per plot from the inner three rows were selected and tagged to measure their height (cm) at 45, 60, and 75 days after sowing, each season.
Leaf area index (LAI) at 75 days after sowing was determined using the formula mentioned by Babiker (1999) as follows:
LAI =
The above mentioned selected ten plants were used.
The maximum length and maximum width of the fourth leaf (from the top) of each plant was measured and the leaf area index was calculated at relative to each treatment.
The determination of soil moisture content (% m.b.) was done at 81 days after sowing, each season.
Plant population (plant ha -1
) was determined for each season from each plot at harvest time.
At harvest time for both seasons, a quadrate of one square meter was tossed (three times) at the inner three rows on each plot. The plants insides the quadrant were cut at the ground level, tied in bundles and brought to a store and left to dry. Yield and some yield component parameters were determined; those included: cob length, number of rows/cob, number of seeds/cob, 100-seed weight, grain yield per unit area, stover yield per unit area, harvest index, and field water use efficiency.
Data were analyzed using standard analysis of variance techniques of split-split-plot design (Gomez and Gomez, 1984) . Mean comparison between treatments and their interactions was determined using Duncan's Multiple Range Test (DMRT).
RESULTS AND DISCUSSION
The amount of irrigation water applied in m 3 ha -1 and mm is shown in Table1. There was no variation in water application between the two seasons because the sowing date and harvest time were the same in both seasons in addition to used of climatic data normals for estimating ET o . The variation in water amount applied each irrigation is attributed to the variations in the climatic conditions of the month in which irrigation water was applied and the stage of crop growth where the corresponding maize crop coefficient (K c ) values were used. Table 2 summarizes the mean values of plant height (cm) at 45, 60, and 75 days after sowing and leaf area index at 75 days after sowing as affected by irrigation water amounts and irrigation intervals for both seasons. There were no significant differences (P ≤ 0.05) in plant height under different irrigation water amounts at different periods after sowing in both seasons. This could be attributed to the fact that the water stress has small effect on internodes elongation. Conclusions of some researchers confirmed the above findings (Chang and Dai, 1995; Abdelgadir, 2002; and Abu Hasabo, 2002) . On the other hand, irrigation intervals significantly (P ≤ 0.01) affected plant height in the two seasons. Irrigation interval every 10 days resulted in the tallest plant height throughout the different measurement periods, then a reduction in plant height was observed as irrigation interval prolonged this may be due to the fact that water stress produced short plants. The results indicated that 10 days interval resulted in the tallest plant height with all combination of irrigation water amounts in both seasons. The results show there were no significant differences (P ≤ 0.05) on leaf area index due to irrigation water amounts and irrigation intervals in both seasons.
The mean effect of irrigation water amounts and irrigation intervals on soil moisture contents (% m.b.) for increments of 25 cm down the soil profile to one meter depth at 81 days after sowing for seasons 2005/06 and 2006/07 is shown in Tables 3 and 4, respectively.
There were highly significant differences (P ≤ 0.01) on soil moisture content due to irrigation water amounts in both seasons at different soil depths, except at 75-100 cm soil depth in the second season where it did not show any significant differences (P ≤ 0.05). There were no significant differences (P ≤ 0.05) on soil moisture content due to irrigation intervals at soil depths of 25-50 and 50-75 cm in both seasons. Irrigation intervals affected significantly (P ≤ 0.01) soil moisture content at 0-25 and 75-100 cm soil depths in the first season. This is in agreement with the findings of Ahmed (2005) . Table 5 shows the mean effect of irrigation water amounts and irrigation intervals on yield and some yield components for both seasons. -583  874  1 165  755  1 133  1 510  6  ------389  583  777  7  --------389  583  777  8  6 Mean followed by the same letter(s) in a column are not significantly different at P ≤ 0.05. ** Means are significantly different at P ≤ 0.01. There were no significant differences (P ≤ 0.05) due to irrigation water amounts and irrigation intervals on plant population in both seasons. The results clarified that irrigation water amount of 50% ET c recorded the highest values of plant population (plant ha -1 ) in both seasons.
There were no significant differences (P ≤ 0.05) due to irrigation water amounts on cob length (cm), number of rows/cob, and number of seeds/cob for both seasons.
Irrigation intervals showed highly significant differences (P ≤ 0.01) when cob length was checked in the second season, while they were failed to show any significant differences in the first season.
No significant differences (P ≤ 0.05) were found due to irrigation intervals on number of rows/cob in both seasons.
The analysis of variance made for the two seasons showed significant differences (P ≤ 0.05) on the number of seeds/cob due to the irrigation intervals in both seasons; this confirmed by the findings of Kiniry et al. (1990) , Abakora (1997) , and Ahmed and El Hag (1999) . The irrigation interval every 10 days recorded higher number of seeds/cob than the mean of the other two treatments in both seasons. Prolonging watering intervals reduced the number of seeds/cob; this reduction under water stress have been reported by many workers and was attributed to delayed silking such that pollen is shed from the tassels prior to the silks being receptive (Westage and Boyer, 1989) , reduced pollen viability (Hall et al., 1982) , and carbohydrate deficiency in the cob at pollination which may cause development failure of the reproductive tissue due to general starvation for substrate (Zinselmeier et al., 1995) .
The irrigation water amounts showed no significant differences (P ≤ 0.05) when 100-seed weight, grain yield, and stover yield were checked at harvest in both seasons.
On the other hand, the statistical analysis for irrigation intervals showed significant differences on grain yield (P ≤ 0.01) and stover yield (P ≤ 0.05) in both seasons. While showed highly significant differences (P ≤ 0.01) on 100-seed weight in the first season and failed to show any significant differences (P ≤ 0.05) in the second season.
The irrigation interval every 10 days recorded a significantly greater grain yield and stover yield in both seasons than the other irrigation intervals. The superiority of 10 days over 15 and 20 days frequency could be attributed to the fact that frequent irrigation would provides the crop with adequate moisture in the surface layer in which most of the maize roots exists, thus resulting in better crop nourishment and consequently higher yield. Also, the final grain yield depends upon the number of seeds/cob produced and extent to which the grains are filled. In the present study, water deficits affected the number of seeds/cob thereby compounding the effects on final grain yield. Similar evidence was reported by Yang et al. (1994) , Ahmed and El Hag (1999) , and Ahmed (2002) . They stated that, prolonging watering intervals decreased plant grain yield and grain yield per hectare.
As irrigation intervals were prolonged, stover yield decreased. This may be due to the fact that water stress reduced dry matter accumulation of vegetative components of maize.
Irrigation water amounts had no significant different (P ≤ 0.05) on harvest index in both seasons, while irrigation intervals had high significant effect (P ≤ 0.01) on harvest index in the second season. Irrigation water amounts had no significant effect (P ≤ 0.05) on field water use efficiency (kg m -1 ) in both seasons. The field water use efficiency was greater in the second season than the first season; this is because the grain yield was greater in the second season (the seasonal irrigation water applied was the same in both seasons). Field water use efficiency in general, was higher for irrigation water amounts of 50% ET c in both seasons. These results confirm the findings of FAO (1995) which reported that, an irrigation regime that provides soil moisture for maximum crop growth and yield per unit area would be unlikely to produce maximum output per unit of water (FWUE). Although irrigation water amounts of 100% and 75% ET c produced the highest grain yield in the first and second seasons, they could not translate this yield into higher field water use efficiency as the relative difference in the grain yield was compensated for by the relative difference in the seasonal amount of irrigation water applied to the third irrigation water amount (50% ET c ).
Irrigation intervals had highly significant effect (P ≤ 0.01) on field water use efficiency in both seasons.
